Vehicular network (VN) technologies have become an attractive area of attention all over the world. Two factors that have contributed in the development, design and implementation of the VN standards include the need to ensure safety and the need to consider road accident avoidance strategies. However, the innate dynamic and the high topological mobility of the nodes in Vehicular Ad Hoc Networks (VANETs) raise complex and challenging issues with the standard. One of the complexities is the problem posed by Doppler Effect (DE) resulting from the high mobility of the VANET nodes. In an attempt to compensate the induced Doppler Shift (DS), Automatic Doppler Shift Adaptation (ADSA) was recently introduced to combat DE in a VANET. ADSA proved to be more resilient and effective in term of Bit Error Rate (BER). Moreover, for realistic applications, BER tests alone are insufficient. Therefore, this work explores the strength of the refined ADSA method in terms of throughput and presents a comparative analysis of ADSA versus Adaptive Modulation Code (AMC) and Auto-Rate Fallback (ARF). Results from the analysis shows that the ADSA approach demonstrates strong robustness compared to AMC and ARF with up to 44 to 55% improvement in throughput and a 174 to 182 % reduction in consumed time.
Introduction
Important actions have been taken to improve the safety and reduce accidents on public roads. These have been done to develop a set of standards which will serve as a benchmark for modern vehicular communication. Wireless Access in a Vehicular Environment (WAVE) was developed to enforce communication technologies in modern vehicles [1] . The WAVE standard, also known as Dedicated Short Range Communications (DSRC) that works at the 5.9GHz, is part of the Federal Highway Authority's Vehicle Infrastructure Integration (VII) for emerging Intelligent Transportation Systems (ITS) [2] . Under the WAVE standard, modern vehicles should be able to communicate with each which is referred to as Vehicle to vehicle (V2V). They should also communicate with Road Side Units (RSU) which is also known as Vehicle to Infrastructure (V2I). The WAVE standard is a combination of two other standards namely the IEEE 802.11p and the IEEE 1609 [3] . The former is designed to handle all operations related to the Medium Access Control (MAC) and Physical (PHY) layers while the later concerns more with the operations related to upper layers. Previous works dealing with PHY aspects were presented in [4] [5] . The work presented in this paper is a continuation of previous works that takes into consideration the MAC aspects of the VN to explore and justify the adaptive MCS approach (ADSA) developed in [4] . The ADSA method can be applied to any system for variable selection in which the choice of the selection of the parameters cannot be found directly from analytical derivation. This method aims to select optimal parameters based on intense simulation of a set of parameters on which the system response output is more than one variable meeting the minimum selection criterion. The optimal parameter is then selected based on how good any other output variable components are compared to the rest that meet the minimum criterion.
Numerous works dealing with adaptive MCS have already been considered. However, some of these such as [6] , and [7] were developed from traditional Wireless Local Area Network (WLAN). ARF is the most widely implemented rate adaptation mechanism [6] . In this scheme, two consecutive frame transmission failures result in a rate downshift whereas ten consecutive frame transmission successes generates a rate up shift. However, ARF cannot react quickly to a fast changing channel because ten successful frame transmissions are required to increase the transmission rate. Most firmware have implemented various ARF methods based on different up/down counter mechanisms [8] . One of the improvements to the ARF is the Adaptive Auto Rate Fallback (AARF) [7] . The objective of the AARF is to enhance the ARF performance in a slow fading channel. AARF doubles the threshold whenever it tries to increase the transmission rate and the subsequent packet transmission fails.
Some of previous adaptive MCS algorithms dealing with vehicular network have been proposed. In [9] , an Adaptive Modulation and Coding (AMC) technique was proposed. AMC aims to adjust parameters such as transmit power, modulation scheme or code rate to increases spectral efficiency and reduces error rate according to instantaneous channel condition to remedy the fading effects. In [10] , using V2I based communication, a Context Aware Rate Selection (CARS) scheme that uses context information from the environment to perform fast rate adaptation in dynamic environments was proposed. The CARS scheme makes use of an empirical model to learn the effect of context information on the packet delivery probability. Through extensive experiments in vehicular environments, it was demonstrated that CARS consistently outperforms rate adaptation algorithms such as ARF and Sample Rate. In [11] , the image-based position estimation and Adaptive Modulation Coding (AMC) was proposed. The selection principle of AMC chooses the appropriate scheme that maximises the throughput of the vehicle transmission in OFDM transmission. By using the supervised learning algorithms of machine learning, the base station first performs identification and area matching and then predicts the separated spacing between the two vehicles communicating with each other. The spacing information is then used for the subsequent selection of modulation and coding scheme which significantly improves the throughput performance of the vehicle communication system. The authors in [12] focus on adaptive modulation to improve the data throughput and efficiency of channel spectrum in VANETs. To achieve improved performance, adaptive modulation maintains the required BER with different modulation schemes for SNR in the range of 0dB to 30dB. It was shown that adaptive modulation performs well and improves throughput when compared to other modulations schemes when used singularly in a dynamically changing network topology such as in the case of VANETs. In [13] , the author analysed the impact of Doppler Shift (DS) as a function of relative speed on the signal quality and derived the mathematical model for each MCS. An Adaptive Modulation and Coding (AMC) was also derived and simulation tests performed.
Simulation results indicated the operation range of the proposed method in terms of DS and relative speed. It was also showed that the proposed method demonstrates enhanced performance. Most of the proposed works have however not taken into consideration the MAC mechanism as proposed by the WAVE standard. Realistic VN environments will have to consider the contention window size, backoff state and the number of retry limits as prescribed by the standard. Therefore, the applicable MAC mechanism that takes into account VN is considered in this paper.
The rest of this paper is organized as follows: the MAC layer of the WAVE standard is presented in section 2. Section 3 presents a brief review of the refined ADSA method. In section 4, a review of ARF and AMC proposed in [13] is presented. A test of model and analysis is presented is section 5. Section 6 concludes the work and highlights future research work.
The MAC Mechanism of the WAVE Standard
In order to minimise data collision and optimise the VN resources management, the medium access sharing strategy adopted for a VN is derived from the previous version of the IEEE 802.11 standard. The previous IEEE 802.11 is based on a MAC that employed a mandatory contention-based channel access function called the Distributed Coordination Function (DCF) and an optional centrally controlled channel access function called the Point Coordinated access Function (PCF) [14] . For WAVE type applications, greater emphasis is placed on the DCF side [15] [16] [17] . The Distributed Coordination Function (DCF) adopted for the WAVE standard makes use of Carried Sensed Multiple Access with Collision Avoidance (CSMA/CA) [18, 19] which is a modified version of the Enhanced Distributed Channel Access (EDCA) [16, 17] mechanism originally provided by IEEE 802.11e [19, 20] that differentiates traffic types based upon different static MAC parameters values [18] . The DCF is the basic access mechanism of the IEEE 802.11 MAC; it achieves automatic medium sharing between compatible stations through the use of Carrier-Sense Multiple Access with Collision Avoidance (CSMA/CA).
Before a station starts transmission, it senses the wireless medium to determine if it is idle [21] . If the medium appears to be idle for the Arbitrary Inter Frame Space (AIFS), the transmission may proceed after a random backoff; else the station will wait until the end of the in-progress transmission. In order to ensure that specific and important type information has a priority over the other type messages, the EDCA standard classifies information or data to be transmitted in order of priority based on different Access Classes (ACs). There exist four data traffic categories with different ACs defined as: Background traffic (BK or AC0), Best Effort traffic (BE or AC1), Video traffic (VI or AC2) and Voice traffic (VO or AC3) [16, 17, 20] . Different AIFSN (Arbitration Inter-Frame Space Number) and CW values are chosen for different ACs. A new AIFS values for different ACs introduced in EDCA is presented in figure 1 [22] . [17] . Default EDCA parameters defined by the standard are presented in table 1 [23] . Here, the contention window (CW) varies from CWmin to CWmax. The CW is derived from the random backoff interval which is expressed in the unit of a time slot. The random integer is selected from a uniform distribution over the interval [0, CW], where CW is the contention window size and its initial value is CWmin [23] . When transmission failure occurs, the backoff procedure will begin at the end of the AIFS(x) interval or the ACK timeout interval, and the CW is updated to
Once CW reaches CWmax, it will remain at this value until it is reset to CWmin. The CW is reset to CWmin after a successful transmission or after reaching the maximum retry limit [24] . In the case of a successful transmission, the backoff procedure will start at AIFS time after reception of the ACK frame, and the CW value is reset to CWmin before the random backoff interval is selected.
Brief review of Refined ADSA method
The ADSA method analysis, development and implementation was first proposed in [4] . Several tests were also performed to verify the consistency in terms of BER. The proposed ADSA method consisted of selecting the right MCS reference based on intense simulations. In summary, ADSA method can be described as follows:
1. Simulate the system model taking into consideration all available MCS. Repeat this simulation several times and average the response.
2. Observe the system output and select all MCS which tends to be much closer to the maximum allowable limit at any given DS value.
3. Derive the MCS reference model from the selected MCS obtained in 2 and store them for future use.
Test the reference model against any stronger or robust MCS of the corresponding SNR value to assess its performances.
Further information and explanations can be obtained in [4] . From the work presented in [4] , a reference MCS table was obtained as a final product. In this paper, only the MCS values with SNR of 30dB are considered. The selected MCS that are considered optimal are presented in table 2 in row 2. From table 2, the refined version of ADSA is to scale down any corresponding MCS value that is greater than 6 (16-QAM rate3/4) to MCS of 6. The idea is to avoid any 64-QAM MCS when the DS is greater than 50 Hz. After the proposed refinement, the final MCS considered in this study is presented in table 2 in row 3. In table 2, the first row with values ranging from 0 to 1500 represents DS values in Hz. 
Review of ARF and AMC
The two adaptive MCS presented in this section were compared against the refined ADSA method. The main reason that they were reviewed was to clarify the net difference between the three approaches which are compared in section 5. Auto Rate Fallback: This is one the oldest and adopted adaptive rate used by Alcatel Lucent in its WaveLAN2 [6] . ARF mechanism is summarized as following: After 10 successful frames transmission, the current MCS is upgraded and replaced by current MCS+1. After two consecutive unsuccessful frame transmissions, the current MCS is downgraded and replaced by MCS-1. This phenomena repeat itself until available highest or lowest achievable MCS is obtained or transmission is completed. Adaptive Modulation Code (AMC): The AMC presented was developed in [13] . The conception, development, analyses and tests were also clarified. Further overviews of the method can be found in [13] . In summary, the author proposed MCS 3 for DS less than 200Hz, MCS 2 for DS values=[201 250] and MCS 1 for DS value=[251 500]. It was also highlighted that no acceptable communication can be achieved for DS value greater than 500 Hz.
Test of Model and Analysis
Taking into consideration the PHY and MAC characteristics defined by the IEEE 802.11p, a simulation strategy as described in the flowchart presented in figure 2 was used to compute the channel throughput. For the case BK and BE traffic types, the CWmax is 1023 whereas for VI and VO, CWmax is 15 and 7 respectively. Different values of CW used are defined in table 1. 
were total frame is the total number of frame to be transmitted. The total frames lost is the total number of frames lost (this generally occurs when the transmission is unsuccessful, and after one repeat still no acknowledgement is received). The transmission duration is the total time taken by the system to process the total number of frames to be transmitted from the transmitter to the receiver at a given SNR value. For this simulation, using the same setup as in [4] , the following changes were made: Frame length size=1600 bit, Pilot= 16 bit, Total number of frame per DS value=100. Using the above mentioned simulation parameters, several tests were performed and the results are depicted from figures 3 to 7. Figure 5 shows the packet loss result of the three methods. Figure 5 reveals that the worst algorithm over the entire DS range is ARF. Comparable performance results can be observed for both ADSA and AMC over the DS ranging of 0 to 950 Hz. However, above 1000 Hz, the dominance of the AMC over the ADSA can be observed. In Figure 6 , a comparative performance can be observed for both ARF and AMC. Summarising the results from figure 4 to 6, a strong domination of ADSA in terms of throughput and elapsed time is demonstrated. Acceptable response can also be observed in term of packet loss especially for DS value smaller than 950 Hz. The efficiency of ADSA has already been proved in [4] in terms of BER. This further confirms the strength of the method. Results obtained from the above simulations confirm that that the ADSA method has sufficient potentiality in combatting the effects of DS in a vehicular network.
Conclusion
This work presented the application of a refined ADSA method in VANETs. Making use of the WAVE standard and specifications, the method was implemented and tested against ARF and AMC. The work focussed on the verification of the ADSA method's strength in terms of throughput while taking into consideration the applicable MAC mechanism as prescribed by the WAVE standard. It was therefore demonstrated that the ADSA method has considerable benefits that could cater for the DE problem occurring in a VANET communication. A comparative response in terms of robustness shows that ADSA has 44 to 55% improved throughput, 174 to 182% less transmission duration and an acceptable packet loss compared to ARF and AMC. Future work will consider testing and exploring the ADSA method over the full SNR range.
